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[57] ABSTRACT 

A system for monitoring carriers of peripheral zones in a 
mobile telecommunication system, wherein when monitor- 
ing the carriers transmitted from the base stations in periph- 
eral zones, the mobile units deem transmissions carriers to 
be true carriers received from peripheral zones and monitor 
the same when the two conditions stand that the received 
field strengths of the transmission carriers are at least a 
certain level and that there is significant data transmitted by 
the transmission carriers. Due to this, the mobile units are 
prevented from erroneous channel switching or zone shifting 
due to interference or a transmission carrier from another 
zone which may be deemed interference. 

20 Claims, 12 Drawing Sheets 
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SYSTEM FOR MONITORING CARRIERS OF 
PERIPHERAL ZONES 

This is a continuation of application Ser. No. 08/336,535, 
filed Nov. 9, 1994, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a system for monitoring 
carriers of peripheral zones, more particularly relates to a 
system for monitoring carriers of peripheral zones in a 
mobile telecommunications system where an individual 
mobile unit communicates with several base stations. 

2. Description of the Related Art 

In recent years, there has been striking progress in car 
phones, cellular phones, and other digital mobile telecom- 
munications systems. One of the themes of development has 
been the reduction of the radius of the service zones (cells). 
In general, a digital mobile telecommunications system is 
comprised by a radio communication network consisting of 
a close-knit honeycomb arrangement of plurality of grids of 
zones having exactly the same configuration, i.e., a configu- 
ration of a plurality of zones, for example seven, to which 
differing carrier frequencies have been allocated. To 
improve the efficiency of reuse of the carrier frequencies by 
the grids of zones, the trend in recent years, as mentioned 
earlier, has been to reduce the radius of the individual zones. 

If the zone radius is reduced in this way, however, a 
mobile unit may keep on changing the zone it is engaged 
with, so the frequency of channel switching and zone 
shifting ends up increasing. Here, "channel switching" refers 
to the operation for switching the speech channel of a mobile 
unit from one of a base station in an engaged zone to one of 
the base station of another zone when a mobile unit involved 
in a call moves from one zone to an adjoining peripheral 
zone. The smaller the zone radius, the more frequent the 
channel switching. Further, "zone shifting" refers to the 
operation for switching the zone for line connection from 
one zone to another when a mobile unit in a radio commu- 
nication network moves from its current line connection 
zone to an adjoining zone. 

By reducing the zone radius, the base stations end up with 
a considerably heavier load in controlling the channel 
switching. Therefore, the practice has been to lighten the 
load by placing part of it on the mobile unit. That is, a mobile 
unit uses its unused slots (idle time) to monitor the carriers 
received from the peripheral zones around it and sends 
monitoring information to the engaged base station. The 
base station receiving this uses the information to determine 
to which zone the base station which the mobile unit should 
communicate with belongs and, if necessary, switches the 
channel from the engaged zone to an adjoining peripheral 
zone. 

Since the base station switches channels using the moni- 
toring information notified to it from the mobile unit under 
time division multiple access (TDMA) control, it is neces- 
sary that the mobile unit give the base station accurate 
monitoring information about the peripheral zones. If a 
mobile unit does not select the correct zone for line con- 
nection (3), it cannot originate or receive a call, so has to 
accurately recognize if the zone it shifts to is correct. 

As will be explained in detail later referring to the figures, 
a mobile unit detects the received field strengths of the 
transmission carriers received at each idle time and, if 
engaged in a call, sends those values periodically to the 
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nearest base station. When the level of reception from a 
peripheral base station becomes higher in the mobile unit 
than the level of reception from that original engaged base 
station, the original engaged base station switches the chao- 

5 net to one of the zone with the highest level of received field 
strength from the viewpoint of the mobile unit When the 
mobile unit is in a waiting state where it is standing by to 
receive or send a call, it shifts the zone it is engaged with to 
that of the base station sending the carrier with the highest 

10 received field strength which it receives. The mobile unit 
subsequently can engage in normal communication. 

That is, the base station checks that the level of the 
received field strength of the transmission carrier received 
by the mobile unit is the highest and switches the channel to 

is one of the zone sending the transmission carrier. On the 
other hand, the mobile unit shifts the zone it is engaged with 
to the zone with the highest level of received field strength. 

Assume here that there is a source of interference. Assume 
further that it radiates a relatively high level wave and that 

20 the frequency of the radiated wave is substantially equal to 
the frequency of a carrier sent from the engaged base station. 

In such a situation, due to the reasons discussed later, the 
mobile unit sometimes cannot maintain communication with 
its current base station from which it receives a wave at a 

25 suitable received field strength. 

On the other hand, when there are a number of other 
mobile unit close to the source of interference, these mobile 
units also try to switch channels or shift zones to the other 

30 base station with the same frequency, so there is the problem 
that the normal connection operation of that base station is 
disturbed. 

Further, a mobile unit in a waiting state would receive the 
strong interference and switch channels to the same, but 

35 since that channel does not contain any data, it would then 
switch to the channel with the next highest received level. 
Since it again receives the interference, however, it again 
switches to that channel. While switching to that channel, it 
cannot originate or terminate calls, which poses a problem 

40 in system operation. The same applies to the other mobile 
units. 

Note that the above problems may also occur due to 
factors other than a source of interference (explained later). 

SUMMARY OF THE INVENTION 

45 

Accordingly, the present invention, in consideration of the 
above-mentioned problem, has as its object the provision of 
a system for monitoring carriers of peripheral zones which 
enables a mobile unit to perform channel switching or zone 

so shifting free from the effect of any interference or any 
transmission carrier from another grid of zones which may 
be deemed interference even if receiving the same at a high 
received field strength. 
To attain the above object, the present invention is com- 

55 prised so that, when a mobile unit monitors carriers sent 
from base stations in peripheral zones, it monitors the 
received carriers only when the two conditions stand that the 
received field strength of the transmission carrier is above a 
certain level and there is significant data sent on the trans- 

60 mission carrier. Due to this, the mobile unit is prevented 
from erroneous channel switching or zone shifting due to 
interference or a transmission carrier from another zone 
which may be deemed interference. 

65 BRIEF DESCRIPTION OF THE DRAWINGS 

The above object and features of the present invention 
will be more apparent from the following description of the 
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preferred embodiments with reference to the accompanying 
drawings, wherein: 

FIG. 1 is a view illustrating the principle of the system 
according to the present invention; 

FIG. 2 is a view of an example of the configuration of a 
mobile unit to which the present invention is applied; 

FIG. 3 is a sequence chart of an example of the TDMA 
control performed by a mobile unit; 

FIG. 4 is a view of an example of the configuration of a 
control channel sent from a base station; 

FIG. 5 is a view of an example of the configuration of a 
control channel sent from a mobile unit; 

FIG. 6 is a view of an example of the configuration of a 
speech channel sent from a mobile unit during a call; 

FIG. 7 is a view of an example of the configuration of a 
speech channel sent from a base station during a call; 

FIG. 8 is part of a flow chart of an example of the routine 
for monitoring carriers of peripheral zones in a mobile unit; 

FIG. 9 is another part of a flow chart of an example of the 
routine for monitoring carriers of peripheral zones in a 
mobile unit; 

FIG. 10 is a view of an example of a report of radio status; 

FIG. 11 is a view of a specific example of a report of radio 
status shown in FIG. 10; 

FIG. 12 is a flow chart of a routine for preparing a table 
at the time of shifting to a peripheral zone in the mobile unit; 

FIG. 13 is a flow chart explaining details of step 4 in FIG. 
12; and 

FIG. 14 is a view of an example of a general mobile 
telecommunications network. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Before describing the embodiments of the present 
invention, the related art and the disadvantages therein will 
be described with reference to the related figures. 

FIG. 14 is a view of an example of a general mobile 
telecommunications network. In the figure, reference numer- 
als 1 indicate base stations and 2 a mobile unit communi- 
cating with the nearest base station 1. Each base station (for 
example, the base station A, base station B, . . . base station 
G) 1 has its own service zone (frequency zone) 3. The group 
of zones 3 together form a single grid of zones 4. In the 
illustrated example, the mobile unit 2 is located in a zone 3 
centered around the base station A. The grid of zones 4 
including that zone 3 is therefore the grid of zones engaged 
with by the mobile unit 2. 

Other grids of zones 4' of substantially the same configu- 
ration as the engaged grid of zones 4 exist around the 
engaged grid of zones 4. Accordingly, there are base stations 
(A*, B', C . . . G') 1' in the zones 3' in the other grids of zones 
4' as well. Here, a group of frequencies the same as the 
frequencies f A , f B . . A a allocated to the zones in the grid of 
zones 4 is reused in each of the other grids of zones 4'. This 
is for making effective use of frequencies. 

The mobile unit 2, as explained earlier, creates and sends 
to the nearest base station 1 monitoring information about 
the transmission carriers of peripheral zones. The mobile 
unit 2 receives the transmission carriers sent individually 
from the base stations 1 and monitors them using its unused 
slots (idle time) so as to produce this monitoring informa- 
tion. 

More specifically, as explained above, the mobile unit 2 
detects the received field strengths of the channels received 
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at idle times from the peripheral base stations and, if 
involved in a call, sends those values periodically to the 
nearest base station. When the level of reception from a 
peripheral base station 1 becomes higher than the level of 

5 reception from the base station A at the mobile unit 2, the 
base station 1 switches the channel to the zone of the highest 
received field strength at the mobile unit 2. Further, when the 
mobile unit is in a waiting state where it is ready to start 
communications, it shifts the zone to the zone of the base 

10 station sending the carrier with the highest received field 
strength received by the mobile unit. It then is ready to begin 
a normal call. 

As explained above, the base station 1 checks that the 
level of the received field strength of the transmission carrier 

1 5 received by the mobile unit 2 is the highest and switches the 
channel to the zone sending that transmission carrier. 
Further, the mobile unit 2 shifts the zone to the zone with the 
highest level of received field strength. 

Referring here to FIG. 14 once again, assume that there is 

20 a source 5 of interference at the illustrated position. Assume 
further that it radiates a relatively high level wave and that 
the frequency of the radiated wave is substantially equal to 
the frequency of the carrier sent from a base station B in the 
engaged grid of zones 4. Note that the source 5 of the 

25 interference may for example be a high powered tranceiver 
etc. illegally modified by ham operator. It may also be a 
source of a test wave. 

In such a situation, since the illustrated mobile unit 2 
receives the high power interference (f B ), the base station A 

30 sends a command for channel switching to the base station 
B allocated the carrier frequency f 5 , then commands the 
mobile unit 2 to switch channels to the base station B. 
Receiving this command, the mobile unit 2 tries to start 

35 connection with the base station B by a predetermined 
protocol. The wave received by the mobile unit 2 and 
regarded as a transmission carrier from the base station B, 
however, is the above interference (f B ) and includes no data 
at all, so the protocol is not established. In the end the mobile 

^ unit fails to connect with the base station B. Therefore, the 
mobile unit 2 returns to the original base station A once 
again and resumes communication. The mobile unit 2, 
however, again receives the strong interference (f B ) and 
notifies this to the base station A, so once again tries to 

Mr connect with the base station B. 

In the end, the mobile unit 2 cannot maintain communi- 
cation with the base station A despite receiving a wave at a 
suitable received field strength from the base station A. 
Further, when there are a number of other mobile units 2 

50 close to the source 5 of interference, these mobile units 2 
also try to start switching channels or shifting zones to the 
base station B, so there is the afore-said problem that normal 
connection for the base station B is inhibited as well. 
Further, a mobile unit 2 in a waiting state receives the 

55 strong interference (f B ) and tries to switch channels to the 
same, but that channel does not contain any data, so it 
switches to the channel with the next highest received level 
(f A ) Since it again receives the interference (f B ), however, it 
again switches to that channel. While switching to that 

60 channel, it cannot originate or terminate calls, which poses 
a problem in system operation. The same applies to the other 
mobile units 2. 

The above problems may also occur due to factors other 
than the source 5 of interference. For example, referring to 

65 FIG. 14, if there is a large river 6 as shown in the figure, the 
visibility of the base station B' in a zone 3' of the other grid 
of zones 4' sometimes becomes extremely good for the 
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mobile unit 2 passing the illustrated position. At this time, mitted by the received carrier in the mobile unit 2, the 

the mobile unit 2 receives a strong wave from the base received carrier is deemed to be a true carrier received from 

station B' of the other grid of zones 4' and therefore performs a peripheral zone 3 and is monitored, 

an operation similar to that of the case of the interference. In [ n a fourth embodiment, the data in the control channel is 

this case, the base station Adeems the f B wave from the base 5 a control signal CAC with an error detection code. When it 

station B' received by the mobile unit 2 to be from the base js decided that there is no error in the results obtained by 

station B near itself and operates to switch the mobile unit applying a predetermined error detection operation on the 

2 to the channel of the base station B. However, the mobile control signal CAC transmitted by the received carrier in the 

unit 2 strongly receives the i B of the base station B\ so mobile unit 2, the received carrier is deemed to be a true 

cannot switch channels to the base station B. The mobile unit 10 carrier received from a peripheral zone 3 and is monitored. 

2 then tries to resume communication with the base station Irj me second, third, and fourth embodiments, note is 

A. Normal communication is obstructed during that interval. of ^ mdQ CCj svnc hronizing word SW, and 

The present invention provides a system for monitoring control signal CAC, in particular the error detection code 

carriers of peripheral zones which enables a mobile unit to added to the control signal CAC, among the data forming the 

perform channel switching or zone shifting free from the is contro i channel. All are essential data for identifying the 

effect of any interference or any carrier transmitted from carrier and cannot exist in interference etc. 

another grid of zones which may be deemed interference Iq a fifth embodiment data repeatedly transmitted by the 

even if received at a high level of received field strength. carrier ^ received and stored a plurality of times. It is judged 

FIG. 1 is a view illustrating the principle of the system that there is significant data when it is confirmed that the 

according to the present invention. In the figure, the mobile 20 stored sets of data match each other, 

unit 2 is comprised of an antenna 11, a mobile unit body 12, In the above embodiments, it was assumed that the data 

and a handset 13. The mobile unit body 12 is comprised of ^ the control channel> f or example, the color code CC, 

a radio unit 13 and a control unit. The control unit is synchronizing word SW, and error detection code added to 

provided with various control functions, but only the zone me control signal CACa were he ld in the memory unit in the 

carrier monitoring unit 15 is drawn as it relates to the present control ^ but m the fifth embod i m ent, use is not made of 

invention. data held in the memory unit. Rather, it is deemed that a true 

This zone carrier monitoring unit 15 is comprised of a carrier has been received by repeatedly receiving data, 

means 16 for judging the strength of the received electric storing it each time, and confirming that the different 

field, a means 17 for judging the existence of significant instances of data match with each other, 

data, and a means 18 for transmitting zone carrier informa- in a sixth embodiment, it is confirmed that there is 

tion. Using these means, when monitoring the earners significant data when significant data is detected a plurality 

transmitted from the base stations in peripheral zones, the Q ^ 

mobile unit 2 deems transmissions carriers to be true carriers _ A * * • . ,. , . . , , A . , 

. , r _ -Li **.u In the sixth embodiment, it is deemed a true carrier has 

received from peripheral zones 3 and monitors the same . . , . Ci 4 , * - , , . . 

« .« J*** * j *u * *u • j « 1,1 35 been received only after the color code CC, synchro nizing 

when the two conditions stand that the received field , 4 , 4 ' _. . . , A r ' J , ~ 

* « . . . . t , _ . word SW, etc. detected in the second to fourth embodiments 

strengths of the transmission earners are at least a certain , 4 * , . Vi ri . ^ . . . r 

i i j ,1 . .* . . . c ^ j , . • j • i are detected a plurality of times. This is in consideration of 

level and that there is significant data transmitted by the - - ^ . k * 4 J , A r * i_ j j 

. . ^ J the fact that the true data may fail to be received due to 

transmission earners. r , tl _ or * • *• r j- 

, . , . r , . . . . fadmg and other effects in reception of a radio wave. 

According to this basic aspect of the invention, the mobile _ T ~ ( ( „ ■ t ■> 

~ " t , . f~ - . j -rr„, . . M 40 In a seventh embodiment, it is judged that the color codes 

umt 2 monitors the earners sent from the different base t . . . ' jf , , , 

stations 1 in several zones and notifies this information to an CC matc * wl J eD that me ^ CC 

engaged base station 1 for channel switching or zone shift- match a P 1 ^* of times * 

ing. At this time, not only is it judged if there is a carrier of Id an C1 g hth embodiment, it is judged that the synchro- 

a peripheral zone based on the received field strength of the Qlzin g word sw has t** 0 detected when the synchromzing 

transmission carrier, but also it is determined if there is 45 word s w * detected a plurality of times, 

significant data transmitted by the transmission carrier. By 1° a ninth embodiment, it is judged that the results 

doing this, the possibility of mistakenly judging interference obtained by applying a predetermined error detection opera- 

or a wave resembling the same to be a genuine carrier of a tion on the control signal CAC match with the error detec- 

peripheral zone becomes almost zero. tion code when it is detected a plurality of times that there 

Preferable embodiments are described below: is no error in the results. 

In a first embodiment, the existence of the significant data Io tne seventh, eighth, and ninth embodiments, which are 

is confirmed from the data in a control channel transmitted improvements of the sixth embodiment, data including the 

by the transmission carriers. color code cc > synchronizing word SW, and control signal 

In the first embodiment, therefore, use is made of the 55 CAC error detection code is received a plurality of times, so 

control channel to judge the existence of significant data. reliability is increased. 

The data of the control channel is inherently contained in the In a 10th embodiment, information on the received field 

transmission carriers. strength detected at the mobile unit 2 and identifying infor- 

In a second embodiment, the data in the control channel mation of the base station 1 transmitting the received carrier 

is data showing a color code CC. When the color code CC 60 are from mobile ^ 2 to ti» Dase station 1. 

stored in a mobile unit 2 and the color code CC in the control In an 11th embodiment, the identifying information of the 

channel transmitted by the transmission carrier match, the base station 1 is the color code CC. 

transmission carrier is deemed to be a true carrier received In the 10th and 11th embodiments, when the mobile unit 

from a peripheral zone 3 and is monitored. 2 detects the color code CC, it sends it to the base station 1 

In a third embodiment, the data in the control channel is 65 together with the information on the received field strength 

data showing a synchronizing word SW. When the synchro- (which carrier from which zone). This enables the base 

nizing word SW is detected from the control channel trans- station 1 to immediately determine from which grid of zones 
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(4, 4') the carrier is being transmitted from and enables specifically, it inspects the magnitude of the received field 

judgement that the mobile unit is monitoring a carrier from strengths of the carriers having the frequencies f B to f c . 

another grid of zones deemable as interference. If the quality of the communication at the frequency f A 

In a 12th embodiment, even if a mobile unit 2 involved in deteriorates (received field strength of the carrier (fj falls), 

a call through one of the base stations 1 detects that the 5 the channel is switched to the adjoining zone 3. Assuming 

received field strength of a transmission carrier is above a that the received field strength of the carrier (f B ) becomes 

predetermined level, when confirming that there is no sig- relatively large, the channel is switched to the zone (f^). 

nificant data in the transmission carrier, it prohibits notifi- As explained above, the point of the invention is as 

cation of information on the received field strength to the follows. That is, when monitoring the carriers transmitted 

base station 1. 10 from the base stations 1 in peripheral zones 3, the mobile 

In the 12th embodiment, when the mobile unit 2 is units 2 deem transmission carriers to be true carriers 

involved in a call, it periodically transmits to the base station received from peripheral zones 3 and monitor the same 

1 information on the carrier with the largest received field when the two conditions stand that the received field 

strength among the transmission carriers of the peripheral strengths of the transmission carriers are at least a certain 

zooes which it receives. If there is no significant data, 15 level and that there is significant data transmitted by the 

however, it prohibits that transmission so the base station 1 transmission carriers. In this case, the significant data need 

does not switch channels. only be enough to confirm that the transmission carrier is not 

In a 13th embodiment, even if a mobile unit 2 in a waiting interference etc. It is possible to confirm this by adding a 

state detects that the received field strength of a transmission simple ID showing that the carrier is not interference to the 

carrier is above a predetermined level, when confirming that 20 transmission carriers in advance and checking those IDs. In 

there is no significant data in the transmission carrier, it does practice, however, it is effective to use data in the control 

not select the zone sending that transmission carrier as a channel, originally included in a transmission carrier, as the 

candidate for zone shifting. significant data. 

Id the 13th embodiment, even if a mobile unit 2 in a FIG. 4 is a view of an example of the configuration of a 

waiting state receives a zone carrier with a high received control channel sent from a base station. The data in the 

field strength, it will not consider that zone carrier as a control channel sent by the transmission carrier from the 

candidate for zone shifting unless it confirms there is sig- base station 1 is, for example, as illustrated, comprised of the 

nificant data and therefore the mobile unit 2 is not troubled groups of bits R, P, CAC, SW, CC, CAC, and E. The 

with wasteful zone shifting operations caused by interfer- ^ meanings of these groups of bits are as follows: 

ence etc. R is a guard time for transitional response to a burst. P is 

FIG. 2 is a view of an example of the configuration of a a preamble. CAC is a control signal and includes PCH 

mobile unit to which the present invention is applied. In the (simultaneous call up channel dataX BCCH (broadcasting 

figure, the zone carrier monitoring unit (15 in FIG. 1), which channel data), and SCCH (individual cell use channel data), 

is particularly relevant to the present invention, is comprised 3S Note that the data usually has an error detection code (cyclic 

of a central processing unit (CPU) 25 and a memory unit redundancy check (CRQ etc.) attached. SW is a synchro - 

(MEM) 26. The central processing unit 25 and memory unit nizing word and is used for synchronous detection. It is a 

26 are connected through a bus 27 to a radio unit (14 in FIG. fixed value for the system as a whole. CC is a color code 

1). This radio unit 14 is comprised of a receiver (RX) 21, which acts as identifying information showing to which grid 

transmitter (TX) 22, demodulator (DEM) 23, and modulator of zones among the engaged grid of zones 4 and plurality of 

(MOD) 24. other grids of zones 4* shown in FIG. 14 the base station 

The radio unit 14, central processing unit 25, and memory belongs. E shows collision control bits, 

unit 26 are connected through the bus 27 and input/output In the present invention, note is particularly taken of the 

(I/O) unit 28 to the transmitter/receiver (13 of FIG. 1). color code CC, synchronizing word SW, and control signal 

FIG. 3 is a sequence chart of an example of the TDMA 45 CAC among this data, 

control performed by a mobile unit. Note that the figure Regarding the color code CC, when the color code CC 

shows the example of a triplex. In the figure, "RECEP- stored in the mobile unit 2 and the color code CC in the 

TION" shows the slots for receiving a carrier (radio wave) control channel transmitted by the received carrier match, 

from a base station 1, "IDLE"' shows the slots for receiving the received carrier is deemed to be a true carrier received 

carriers from peripheral zones around the mobile unit 2, and 50 from a peripheral zone 3 and is monitored. The color code 

"TRANSMISSION" shows the slots for sending a carrier CC is stored by the memory unit 26 shown in FIG. 2. 

from the mobile unit 2 to a base station 1. These Regarding the synchronizing word SW, when the syn- 

"RECEPTION", "IDLE", and "TRANSMISSION" phases chronizing word (SW) is detected from the control channel 

are shifted one slot each from each other. The above triplex sent by the received carrier in the mobile unit 2, the received 

is realized using three mobile unit 2 with different phases I, 55 carrier is deemed to be a true carrier received from a 

II, and III as illustrated. On the other hand, a base station 1 peripheral zone 3 and is monitored. This synchronizing word 

discriminates among these three phases so as to judge which SW is also stored in the memory unit 26. 

of the mobile unit among the three mobile units is engaged Regarding the control code CAC, the data in the control 

in a call. channel is made the control signal CAC with an error 

In FIG. 3, the lower row shows the sequence in the case 60 detection code. When it is decided that there is no error in 

of time expansion. The above "RECEPTION" is indicated the results obtained by applying a predetermined error 

by R, "IDLE" by I, and "TRANSMISSION" by T. detection operation on the control signal CAC sent by the 

In the example of FIG. 14, the mobile unit 2 is moving received carrier in the mobile unit, the received carrier is 

within a zone (frequency f A ) 3 belonging to the grid of zones deemed to be a true carrier received from a peripheral zone 

4. At this time, the mobile unit 2 successively monitors the 65 and is monitored. In this case, use is made for example of a 
carriers from the peripheral zones 3 having the frequencies cyclic redundancy check CRC as the error detection code. It 

fff, f c » f©» £e> and at the "IDLE" slots. More is possibhle to apply a predetermined error detection 



05/06/2003, EAST Version: 1.03.0002 



5,867,786 

9 10 

operation, that is, division by a CRC polynomial, to the bit OK" at step ST3, ST5, and ST10. This "received data OK" 

train of the control signal CAC received and if dividable the corresponds to "there is significant data sent by the carrier" 

received carrier deemed to be not interference etc. as mentioned earlier. By adding this routine, it becomes 

The format in FIG. 4 showed a control channel sent by a possible to forestall mistaken activation of a channel switch- 
carrier from a base station. FIG. 5 shows an example of the 5 ing operation with respect to the base station 1 by a mobile 
configuration of a control channel sent from a mobile unit. unit 2 receiving interference. The steps of FIG. 8 and FIG. 
The difference from FIG. 4 is that there are the G bits instead 9 are explained below, 
of the E bits in FIG. 4. The G bits indicate the guard time. Step 1 (ST1) 

The formats of the signals during a call differ in the case The mobile unit 2 receives a command from the base 

of FIG. 4 and FIG. 5. Examples are shown in FIG. 6 and 10 station A to report the radio status. The command indicates, 

FIG. 7. for example, to "monitor the carrier frequencies i B and f c as 

FIG. 6 is a view of an example of the configuration of a carriers of peripheral zoness". 

speech channel sent from a mobile unit during a call, while Step 2 (ST2) 

FIG. 7 is a view of an example of the configuration of a The mobile unit 2 obeys the command and receives the 

speech channel sent from a base station during a call. In FIG. peripheral carrier f B at an idle time (see FIG. 3). 

6, TCH is the user information transfer use data, while the § te p 3 

parenthesized FACCH shows fast ACCH (altered control „ . ^ ^ ^ ^ of ^ recejved field ^ of f 

channel) data^ SF ,s the stdl flag (1 b.t> SACCH is a slow fa a predetermined i evel (for example,NdB|i). It 

ACCH (attached control channel) data. Note that the paren- ^ tes y the data ^ the received carrier (f g) ^ ^ 

thesizcd RCH shows the housekeeping data. above-mentioned significant data (received data OK?). 

Of the above data, TCH is the channel for transferring the ~ ( 4 (ST41 

speech data for the call. Commands for switching channels ,, . * . ' , , , , . , . , 

Airing a call and information on the received field strengths , If , th ( e level dld . DOt f ,he jft***^ 

of tb? carriers from the peripheral zones, related to the „ ^"^1*?^.^*?™^^*"???' 

... , .f u i „ . , . , 25 mined level, but the received data was not significant data, 

invention, are transmitted through the above control channel » , *u wi •* -J 

SACCH or FACCH routine proceeds to step 4, where the mobile unit 2 

( °, r * . _ * - - y „ receives the carrier (L.) of another designated peripheral 

In the above monitoring of earners, the data (CC or SW) zoQe at ^ ^ time 

is held in the memory unit 26 of FIG. 2 and that data is fSTT* 

compared with the data contained in the currently received 30 G P K ) 

carrier. There are other methods of comparison, however. M ste P 5 > me moblle umt 2 Performs the same judgement 

Specifically, there is the method of receiving and storing as at step 3 (ST3) for the earner of the other penpheral zone 

several times the data repeatedly sent by a transmission (fc)- 

carrier and judging that there is significant data when Step 6 (ST6) (see FIG. 9) 

confirming that the different instances of data stored match 35 If both the two conditions of the received level being OK 

each other. This takes note of the fact that if data is sent from and the received data being OK are not satisfied at step 5, 

a true peripheral zone, the different instances of data will not then the mobile unit 2 has no data to report in the report of 

change, but the same data will be repeatedly received. radio status to the base station A. 

In the above monitoring of carriers, it was judged that a Step 7 (ST7) 

true carrier was monitored when data (CC or SW) was 40 If the two conditions are simultaneously satisfied at step 

detected once, but more preferably it is judged that a true 5^ the mobile unit 2 records the received field strength of the 

carrier is monitored when the data (CC or SW) is detected carrier of the peripheral zone (f c ) at that time, for example, 

two or more times. This is because the mobile unit 2 may xdB^, in part of the memory unit 26 as report data, 

fails in one detection operation due to the effects of fading g tC p g (§X8) 

etc. Conversely, it may receive transitory interference and 45 xhe mobilc unil 2 ^ preparcs data of the radio status 

fail in detection. Accordingly, as mentioned above, the report, including the report data (xdB^) at step 7 (ST7) and 

mobile unit confirms the existence of the sipificant data that mc editions f or transmission at the 

when detecting the significant data a plurality of times. "TRANSMISSION" phase of FIG. 3 are OK. 

Further, it judges that the color codes CC match when ^ . ^ " 

confirming the color codes CC match a plurality of times. 50 „ q^qtca * 

Still further, it judges that there is no error when detecting ^ ^ * 

several times that there is no error in the results obtained by If the moblle umt 2 J ud S ed at 3 that ^ the 

applying a predetermined error detection operation on the conditions of the received level and received data of the 

control signal CAC carrier of the peripheral zone (f B ) were satisfied, it then 

FIG. 8 is first part of a flow chart of an example of the 55 J? ncxt designated carrier of a peripheral zone 

routine for monitoring carriers of peripheral zones in a <«• F <" P^ 05 ** lt rcceives thc <*™* at an idle 

mobile unit; while FIG. 9 is a second part. For example, tu ° e 0 /ct^a\ 

when a mobile unit 2 in a zone (f*) 3 shown in FIG. 14 is Ste P 10 ( s ™) 

involved in a call through a base station A, the base station The mobile unit 2 performs the same judgement as at step 

A commands the mobile unit 2 to monitor the carriers from 60 3 (ST3) for the carrier of the peripheral zone (^) received 

the peripheral zones (f^ or f^) through the attached control a * ste P 9. 

channel (SACCH or FACCH in FIG. 7) while engaged in the Step 1 1 (ST11) 

call. In response to this command, the mobile unit 2 sends If both of the received level and received data conditions 

a radio status report to the base station A through the are not satisfied at step 10, the mobile unit 2 records the 

attached control channel (SACCH or FACCH in FIG. 6). 65 received field strength of the carrier of peripheral zone (f B ) 

The flow of transmission itself is known, but the present which did satisfy the two conditions before, for example, 

invention newly adds the routine for judging "received data ydBjU, in part of the memory unit 26 as report data. 
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Step 12 (ST12) cessing operations performed by the mobile unit in a waiting 

If both of the received level and received data conditions state. The flow shown in the figure is itself known, but has 

are satisfied at step 10, the mobile unit 2 records the received been modified in the present invention by the addition of 

field strength (xdBpi) of the carrier of the peripheral zone (jy step 3 (ST3) of determination if there is received data. That 

judged to be OK along with the received field strength 5 is, even if a mobile unit 2 in a waiting state detects that the 

(ydB/*) of the carrier of peripheral zone (f B ) which satisfied received field strength of a transmission carrier is over a 

the two conditions before in part of the memory unit 26 as certain level, if confirming that there is no significant data in 

report data. th e transmission carrier, it does not select the zone 3 sending 

Step 13 (SH3) ^ e transmission carrier as a candidate for zone shifting. 

The mobile unit 2 confirms that the transmission condi- 10 Ste P 1 ( ST 1) 

tions were OK at step 8 (ST8), then sends the radio status When the power is turned on, the mobile unit 2 receives 

report to the base station A. a control channel (FIG. 4) from the nearest base station (f^). 

FIG. 10 is a view for explaining a report of radio status. Step 2 (ST2) 

FIGS. 8 and 9 show an example of the flow of preparation 15 -j^e mobile unit 2 receives broadcasting information from 

of the radio status report, but FIG. 10 shows an example of the BCCH (broadcast channel data) included in the control 

the format. The radio status report itself is a general one, but s i gna i CAC in the control channel received at step 1. This 

is further modified in FIG. 10 in accordance with the present broadcasting information designates the peripheral zones 3 

invention. That is, together with the information of the to be monitored by the mobile unit 2. For example, the 

received field strength detected by the mobile unit 2, iden- 2Q peripheral zones (f^ f<~ etc.) in FIG. 14 are designated, 

tifying information of the base station sending the received St 3 (ST3) 

carrier is sent from the mobile unit 2 to the base station 1. wc ? , , - ^ . . r . . . 

This is given as the "IDENTIFICATION DATA OF BASE J If n nu f b u cr ^J 2 ' 3 ' 4 ; V ) of ™ ncs 

STATION" in the figure designated at step 2, the mobile unit 2 successively receives 

t r-i^ m r ♦ r c * - , , the carriers of the first, second ... n-th peripheral zones and 

In FIG. 10, f, is the frequency of a earner of a penphera 25 received leveb ^ fie , d ^ 

zooe bavmg a first eve of reception. This is the largest level ^ ^ ^ a ^ (fo / , xdB } 

of reception. The level of reception becomes lower in the A , . _ t . . . , , , 

subsequent order of f, to f„. Hie radio status report is L ^ ^ ^ fort ^ u ******** if the data sent by 

periodically sent from the mobile unit 2 to the base station *e transmission earner from each of the peripheral zones is 

(tO 1 while the mobile unit 2 is involved in a call. Note that 30 significant data (received data OK?), 

the "MESSAGE CLASSIFICATION" at the top of the figure Step 4 (ST4) 

indicates a report of radio status. The "NUMBER OF If both the received level and the received data are OK at 

SELECTED ZONES" indicates how many (for example, step 3, the mobile unit 2 prepares a table of correspondence 

20) of the approximately 80 perch channels are being between the frequency codes (carrier frequencies of desig- 

reported on. 35 nated zones) and the corresponding received field strengths. 

FIG. 11 is a view of a specific example of a report of radio Step 5 (ST5) 

status shown in FIG. 10. That is, the base station identifying The mobile unit 2 prepares a correspondence table for the 

data shown in FIG. 10 is specifically the perch channel first, second . . . n-th peripheral zones. Note that when the 

number and the color code as an example. The point is the number (n) of peripheral zones designated at step 2 is 

introduction of the color code. The perch channel number is 40 exceeded, n is returned to zero and a similar operation is 

a number individually assigned to each of the approximately repeated from the first zone. 

80 types of frequencies (perches) selected in the range of Accordingly, the mobile unit 2 keeps updating the table, 

center frequencies, for example, 821.500 MHz to 823.475 decides on the peripheral zone with the highest level of 

MHz, resistant to interference with other radio communica- reception from it, and shifts zones. 

tion networks out of the range of frequencies allocated to the 45 fjg. 13 ^ a flow chart explaining details of step 4 in FIG. 

radio communication network as a whole, for example, ^ 

8 18.050 MHz to 825.950 MHz, and is stored in the memory ' 

unit 26 of FIG. 2. The mobile unit 2 reads out the perch Slep 1 V 5 * 11 ) 

channel numbers from the memory unit (MEM) 26 of FIG. K & the level of reception (received field strength) at an 

2 each time its power is turned on and searches for the 50 engaged zone (fj. L rt is the waiting deterioration level. If 

received carriers corresponding to those numbers. The L o<^ ™ e level of reception of the engaged zone has not 

mobile unit 2 selects the retrieved perch channel (frequency) deteriorated and the mobile unit 2 can remain in its waiting 

with the highest level of reception (received field strength) state as 1S - 

and starts the communication. Further, it receives broadcast- Step 2 (ST2) 

ing information from the control channel of the base station 55 L; shows levels of reception of a designated plurality of 

1 of the highest level of reception. That broadcasting infor- peripheral zones. L—Lj, I^, L3 . . . L^,. The maximum level 

mation contains perch channel numbers sent by the periph- of reception among these is indicated by max(L £ ). In this 

eral base station 1. The mobile unit 2 monitors the levels of case, L, is not all of L x to L„. Only the ones of "received data 

the peripheral base stations during a waiting operation based OK*' at step 3 of FIG. 12 are extracted, 

on these perch channel numbers. 60 Here, AL is the zone shift level difference. AL is greater 

The flow of processing of FIG. 8 and FIG. 9 shown above than (L^-L^. L m shows the waiting allowable level, 

related to processing by the mobile unit while involved in a Therefore, when max(I^)>L 0 +aL stands, the mobile unit 2 

call. The processing of the mobile unit when standing by to shifts zones selecting the carrier of the peripheral zone 

engage in a call is explained below: corresponding to the max(I^-) as the waiting channel. For 

FIG. 12 is a flow chart of a routine in a mobile unit for 65 example, if f B (=max(L i )) becomes larger than the level of 

preparing a table at the time of peripheral zone shifting. This reception (L p ) of plus 6 dB (AL), the mobile unit 2 

routine for preparing a table is one of the important pro- switches the waiting channel to i B . 
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Step 3 (ST3) 

Even when max(L i )>L OI stands, the mobile unit 2 selects 
the carrier of the peripheral zone corresponding to this 
max(L;) as the waiting channel. 

On the other hand, when max(L,-)>L m does not stand, the 
mobile unit 2 is considered to have left the zone and 
therefore starts the scan of the perches once again. That is, 
it reconfigures the correspondence table. For example, the 
mobile unit 2 reconfigures the table when it enters a building 
where radio waves cannot penetrate. 

As explained above, according to the present invention, 
there is no longer any mistaking of interference or a wave 
arriving jumping over zones and deemable as interference as 
a normal carriers of peripheral zones. As a result, it becomes 
possible to accurately switch channels and shift zones and 
thereby possible to improve the efficiency of operation of the 
mobile telecommunications system. 

I claim: 

1. A system for monitoring carriers of peripheral zones in 
a mobile telecommunication system having a plurality of 
base stations using allocated carriers mutually differing 
frequencies, a plurality of grids of small service zones 
formed by a collection of a plurality of zones each having its 
own base station, and a plurality of mobile units which 
communicate under TDMA control with base stations 
selected by monitoring whether received carriers are true 
carriers provided in these grids of zones or a false carrier 
radiated from a source of interference which might cause 
erroneous channel switching or zone shifting in said mobile 
telecommunication system, 

wherein when monitoring the carriers transmitted from 
the base stations in peripheral zones, the mobile units 
deem transmission carriers to be true carriers received 
from peripheral zones and monitors the transmission 
carriers when received field strengths of the transmis- 
sion carriers are at least a predetermined level and 
significant data is transmitted by the transmission 
carriers, 

existence of the significant data being confirmed from 
data in a control channel transmitted by the transmis- 
sion carriers, the data in the control channel being data 
showing a color code, when a color code stored in a 
mobile unit and the color code in the control channel 
transmitted by the transmission carrier match, the trans- 
mission carrier is deemed to be a true carrier received 
from a peripheral zone and is treated as one of candi- 
dates of carriers to be monitored by the mobile unit the 
transmission carrier is deemed to be not a true carrier 
received from a peripheral zone and is not treated as the 
one of candidates of carriers to be monitored by the 
mobile unit if the two color codes do not match even 
though the received field strengths of the carriers are at 
least the predetennined level. 

2. A system for monitoring carriers of peripheral zones as 
in claim 1, wherein it is judged that the color codes match 
when it is confirmed that the color codes match a plurality 
of times. 

3. A system for monitoring carriers of peripheral zones as 
in claim 1, wherein information on the received field 
strength detected at the mobile unit and identifying infor- 
mation of the base station transmitting the received carrier, 
are sent from the mobile unit to the base station. 

4. A system for monitoring carriers of peripheral zones as 
in claim 3, wherein the identifying information of the base 
station is the color code. 

5. A system for monitoring carriers of peripheral zones as 
in claim 1, wherein even if a mobile unit involved in a call 
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through one of the base stations detects that the received 
field strength of the transmission carrier is above said 
predetermined level, when confirming that there is no sig- 
nificant data in the transmission carrier, prohibits notifica- 
5 tion of information on the received field strength to the base 
station. 

6. A system for monitoring carriers of peripheral zones as 
in claim 1, wherein even if a mobile unit in a waiting state 
detects that the received field strength of a transmission 

10 carrier is above said predetermined level, when confirming 
that there is no significant data in the transmission carrier, 
said mobile unit does not select the zone sending that 
transmission carrier as a candidate for zone shifting. 

7. A system for monitoring carriers of peripheral zones in 
a mobile telecommunication system having a plurality of 

15 base stations using allocated carriers of mutually differing 
frequencies, a plurality of grids of small service zones 
formed by a collection of a plurality of zones each having its 
own base station, and a plurality of mobile units which 
communicated under TDMA control with base stations 
20 selected by monitoring whether the received carriers are true 
carriers provided in these grids of zones or a false carrier 
radiated from a source of interference which might cause 
erroneous channel switching or zone shifting in said mobile 
telecommunication system, 
25 wherein when monitoring the carriers transmitted from 
the base stations in peripheral zones, the mobile units 
deem transmission carriers to be true carriers received 
from peripheral zones and monitor the transmission 
carriers when received field strengths of the transmis- 
30 sion carriers are at least a predetermined level and 
significant data is transmitted by the transmission 
carriers, 

existence of the significant data being confirmed from 
data in a control channel transmitted by the transmis- 

35 sion carriers, and 

the data in the control channel being data showing a 
synchronizing word, and when in the mobile unit the 
synchronizing word is detected from the control chan- 
nel transmitted by the received carrier, the received 

40 carrier is deemed to be a true carrier received from a 
peripheral zone, and is treated as one of candidates of 
carriers to be monitored by the mobile unit, the trans- 
mission carrier is deemed to be not a true carrier 
received from a peripheral zone and is not treated as the 

45 one of candidates of carriers to be monitored by the 
mobile unit if the two color codes do not match even 
though the received field strengths of the carriers are at 
least the predetermined level. 

8. A system for monitoring earners of peripheral zones as 
50 in claim 7, wherein it is judged that the synchronizing word 

has been detected when the synchronizing word is detected 
a plurality of times. 

9. A system for monitoring carriers of peripheral zones as 
in claim 7, wherein even if a mobile unit involved in a call 

55 through one of the base stations detects that the received 
field strength of the transmission carrier is above said 
predetermined level, when confirming that there is no sig- 
nificant data in the transmission carrier, prohibits notifica- 
tion of information on the received field strength to the base 

60 station. 

10. A system for monitoring carriers of peripheral zones 
as in claim 7, wherein even if a mobile unit in a waiting state 
detects that the received field strength of a transmission 
carrier is above said predetermined level, when confirming 

65 that there is no significant data in the transmission carrier, 
said mobile unit does not select the zone sending that 
transmission carrier as a candidate for zone shifting. 
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11. A system for monitoring carriers of peripheral zones 
in a mobile telecommunication system having a plurality of 
base stations using allocated carriers of mutually differing 
frequencies, a plurality of grids of small service zones 
formed by a collection of a plurality of zones each having its 5 
own base station, and a plurality of mobile units which 
communicate under TO MA control with base stations 
selected by monitoring whether the received carriers are true 
carriers provided in these grids of zones or a false carrier 
radiated from a source of interference which might cause 10 
erroneous channel switching or zone shifting in said mobile 
telecommunication system, 

wherein when monitoring the carriers transmitted from 
the base stations in peripheral zones, the mobile units 
deem transmission carriers to be true carriers received i$ 
from peripheral zones and monitor the transmission 
carriers when received field strengths of the transmis- 
sion carriers are at least a predetermined level and 
significant data is transmitted by the transmission 
earners, 20 

the existence of the significant data being confirmed from 
data in a control channel transmitted by the transmis- 
sion carriers, and 

the data in the control channel being a control signal with 
an error detection code and when it is decided in the 25 
mobile unit that there is no error in the results obtained 
by applying a predetermined error detection operation 
on the control signal transmitted by the received carrier, 
the received carrier is deemed to be a true carrier 
received from a peripheral zone, and is is treated as one 30 
of candidates of carriers to be monitored by the mobile 
unit, the transmission carrier is deemed to be not a true 
carrier received from a peripheral zone and is not 
treated as the one of candidates of carriers to be 
monitored by the mobile unit if the two color codes do 35 
not match even though the received field strengths of 
the carriers are at least the predetermined leveL 

12. A system for monitoring earners of peripheral zones 
as in claim 11, wherein it is judged that the results, obtained 
by applying a predetermined error detection operation on the 40 
control signal CAC, match with the error detection code, 
when said error detection code is detected a plurality of 
times, that there is no error in the results. 

13. A system for monitoring carriers of peripheral zones 

as in claim 11, wherein even if a mobile unit involved in a 45 
call through one of the base stations detects that the received 
field strength of the transmission carrier is above said 
predetermined level, when confirming that there is no sig- 
nificant data in the transmission carrier, said mobile unit 
prohibiting notification of information on the received field 50 
strength to the base station. 

14. A system for monitoring peripheral zone carriers as in 
claim 11, wherein a mobile unit in a waiting state detects that 
the received field strength of a transmission carrier is above 
said predetermined level, and confirms that no significant 55 
data is in the transmission carrier, said mobile unit does not 
select the zone sending that transmission carrier as a can- 
didate for zone shifting. 

15. A system for monitoring carriers of peripheral zones 

in a mobile telecommunication system having a plurality of 60 
base stations using allocated carriers of mutually differing 
frequencies, a plurality of grids of small service zones 
formed by a collection of a plurality of zones each having its 
own base station, and a plurality of mobile units which 
communicate under TO MA control with base stations 65 
selected by monitoring whether the received carriers are true 
carriers provided in these grids of zones or a false carrier 
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radiated from a source of interference which might case 
erroneous channel switching or zone shifting in said mobile 
telecommunication system, 

wherein when monitoring the carriers transmitted from 
the base stations in peripheral zones, the mobile units 
deem transmission carriers to be true carriers received 
from peripheral zones and monitor the transmission 
carriers when received filed strengths of the transmis- 
sion carriers are at least a certain level and there is 
significant data transmitted by the transmission 
carriers, and 

data repeatedly transmitted by a transmission carrier is 
received and stored a plurality of times and it is judged 
that there is significant data when it is confirmed that he 
stored sets of data match each other, a transmission 
carrier is deemed to be true carrier and is treated as one 
of candidates of carries to be monitored by a mobile 
unit if the stored sets of data match each other, the 
transmission carrier is deemed not to be true carrier 
received from a peripheral zone and is not treated as 
one of candidates of carriers to be monitored by the 
mobile unit if the stored sets of data do not match even 
though the received field strengths of the carriers are at 
least the certain level. 

16. A system for monitoring carriers of peripheral zones 
as set forth in claim 15, wherein even if a mobile unit 
involved in a call through one of the base stations detects 
that the received field strength of the transmission carrier is 
above a predetermined level, when confirming that there is 
no significant data in the transmission carrier, prohibits 
notification of information on the received field strength to 
the base station. 

17. A system for monitoring peripheral zone carriers as set 
forth in claim 15, wherein even if a mobile unit in a waiting 
state detects that the received field strength of a transmission 
carrier is above a predetermined level, when confirming that 
there is no significant data in the transmission carrier, it does 
not select the zone sending that transmission carrier as a 
candidate for zone shifting. 

18. A system for monitoring carriers of peripheral zones 
in a mobile telecommunication system having a plurality of 
base stations using allocated carriers of mutually differing 
frequencies, a plurality of grids of small service zones 
formed by a collection of a plurality of zones each having its 
own base station, and a plurality of mobile units which 
communicate under TDMA control with base stations 
selected by monitoring whether the received carriers are true 
carriers provided in these grids of zones or a false carrier 
radiated from a source of interference which might cause 
erroneous channel switching or zone shifting in said mobile 
telecommunication system, 

wherein when monitoring the carriers transmitted from 
the base stations in peripheral zones, the mobile units 
deem transmission carriers to be true carriers received 
from peripheral zones and monitor the transmission 
carriers when received field strengths of the transmis- 
sion carriers are at least a certain level and there is 
significant data transmitted by the transmission 
carriers, 

the existence of the significant data is confirmed from the 
data in a control channel transmitted by the transmis- 
sion carriers, and 

it is confirmed that there is significant data when signifi- 
cant data is detected a plurality of times, a transmission 
carrier is deemed to be a true carrier and is treated as 
one of candidates of carriers to be monitored by a 
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mobile unit if the significant data is detected a plurality 
of times, the transmission carrier is deemed to be not a 
true carrier received from a peripheral zone and is not 
treated as the one of candidates or carriers to be 
monitored by the mobile unit if the significant data is 
not detected a plurality of times even though the 
received field strengths of the carriers are at least the 
certain level. 

19. A system for monitoring carriers of peripheral zones 
as set forth in claim 18, wherein even if a mobile unit 
involved in a call through one of the base stations detects 
that the received field strength of the transmission carrier is 
above a predetermined level, when confirming that there is 
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no significant data in the transmission carrier, prohibits 
notification of information on the received field strength to 
the base station. 

20. A system for monitoring peripheral zones as set forth 
in claim 18, wherein even if a mobile unit in a waiting state 
detects that the received field strength of a transmission 
carrier is above a predetermined level, when confirming that 
there is no significant data in the transmission carrier, it does 
not select the zone sending that transmission carrier as a 
candidate for zone shifting. 
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